Objective: The aim of this study was to determine whether obesity influences relationships between habitual alcohol drinking and hemoglobin A 1C (HbA 1C ) level. Methods: Japanese men (35-70 years old, n = 24858) were divided into non-, light ( ! 22 g ethanol/day), moderate ( 6 22 and ! 44 g ethanol/day), and heavy ( 6 44 g ethanol/day) drinkers. Relationships of alcohol with HbA 1C were investigated in overall subjects and subjects of quartile groups for degree of obesity. Results: HbA 1C tended to be higher as quartiles of BMI and waist-to-height ratio increased. HbA 1C was significantly lower in light, moderate and heavy drinkers than in nondrinkers. These associations in overall subjects were also found in all of the quartiles of BMI and waist-to-height ratio, except for light drinkers in the 3rd and 4th quartiles of BMI and the 4th quartile of waist-to-height ratio. Odds ratios versus nondrinkers for high HbA 1C were significantly lower than a reference level of 1.0 in all drinker groups, and these associations were not altered after adjustment for age, history of smoking, and BMI or waist-to-height ratio.
Introduction
Habitual alcohol drinking is known to cause diverse effects on risk for atherosclerotic vascular disease. Heavy drinking increases the risk for stroke, especially hemorrhagic type of stroke such as cerebral hemorrhage and subarachinoid hemorrhage [1] . This harmful effect of alcohol is explained mainly by its blood pressure-elevating action [2] . On the other hand, light-to-moderate alcohol consumption is known to reduce the risk for ischemic heart disease [3] , and this beneficial effect of alcohol is explained mainly by increase in HDL cholesterol [4] and decrease in blood coagulation activity [5, 6] .
Diabetes mellitus is a major risk factor for atherosclerosis, and atherosclerotic vascular complications are major determinants for prognosis of patients with diabetes [7] [8] [9] . Although there is still debate, recent systemic reviews of previous prospective studies have shown that moderate alcohol consumption is associated with a decreased incidence of diabetes [10, 11] . Coinciding with this, previous cross-sectional studies have shown that glycated hemoglobin, a marker reflecting long-term blood glucose level, was lower in moderate drinkers than in nondrinkers [12, 13] . In most of those studies, Western populations were used as subjects. On the other hand, in Japanese, the risk for diabetes has been reported to be higher in moderate-to-heavy drinkers than in nondrinkers, and this association has been shown to depend on BMI: alcohol was a risk factor for diabetes in a low BMI population, while alcohol consumption was associated with reduced risk for diabetes in a middle-to-high BMI population [14] [15] [16] . Thus, there is a possibility that the relationship between alcohol drinking and the risk of diabetes is confounded by obesity. However, it is unknown whether the relationship between alcohol consumption and glycated hemoglobin differs in persons with and without obesity. The aim of this concise study was therefore to determine whether and how alcohol influences hemoglobin A 1C levels in a large population of Japanese men with different degrees of obesity evaluated by BMI, a general indicator of obesity, or waist-to-height ratio, an indicator of visceral obesity [17] .
Participants and Methods

Subjects
The subjects were male workers aged 35-70 years (n = 24,858) who had received periodic health checkup examinations at workplaces in Yamagata Prefecture in Japan. Men who had been receiving drug therapy for diabetes mellitus (3.8%) were excluded from the subjects of this study. All of the subjects were of Japanese origin. A cross-sectional study was performed using a local population-based database for the above subjects. This study was approved by the Ethics Committee of Yamagata University School of Medicine. Histories of alcohol consumption, cigarette smoking, and illness were also surveyed by questionnaires.
Evaluation of Alcohol Consumption
Average alcohol consumption of each subject per week was reported on questionnaires during health examinations at each workplace. Since it is difficult to know the correct average alcohol consumption of occasional drinkers, only regular drinkers who drank almost every day were used as drinkers for analysis in this study. Usual weekly alcohol consumption was recorded in terms of the equivalent number of 'go', a traditional Japanese unit of amount of sake (rice wine). The amounts of other alcoholic beverages, including beer, wine, whisky and shochu (traditional Japanese distilled spirit), were converted and expressed as units of 'go'. One 'go' approximately corresponds to 180 ml of sake, 500 ml of beer, 240 ml of wine, 60 ml of whisky, and 80 ml of shochu. One 'go' contains about 22 g of ethanol, and this amount was used to separate moderate drinkers from light drinkers since it is generally accepted that alcohol intake should be reduced to less than 30 ml or 20-30 g per day from the viewpoint of prevention of hypertension [18, 19] . Average daily alcohol intake (grams of ethanol per day) was then calculated. The subjects were divided into four groups according to ethanol consumption per day (nondrinkers; light drinkers ! 22 g of ethanol per day; moderate drinkers 6 22 g and ! 44 g of ethanol per day; heavy drinkers 6 44 g of ethanol per day).
Measurements
Height and body weight were measured with light clothes at the health checkup. BMI was calculated as weight in kilograms divided by the square of height in meters. Waist circumference was measured at the navel level according to the recommendation of the definition of the Japanese Committee for the Diag-nostic Criteria of Metabolic Syndrome [20] . Waist-to-height ratio was used as a marker of visceral obesity [17] . Fasted blood was sampled from each subject, and hemoglobin A 1C was determined by the latex cohesion method using a commercial kit (Determiner HbA 1C , Kyowa Medex, Tokyo, Japan); coefficient of variation for reproducibility of the measurement was ^ 5%. Abnormally high hemoglobin A 1C was defined as being higher than 5.8%.
Statistical Analysis
Statistical analyses were performed using a computer software program (SPSS version 16.0 J for Windows, Chicago, IL, USA). Mean levels of each variable were compared among the alcohol groups using analysis of variance (ANOVA) followed by Scheffé's F-test. In multivariate analysis, the mean levels, calculated after adjustment for variables such as age, history of smoking and body weight, BMI or waist-to-height ratio, were compared between the groups using analysis of covariance (ANCOVA) and then Student's t-test after Bonferroni correction. The percentage of smokers and the percentage of subjects showing high hemoglobin A 1C were compared between each drinker group and the nondrinker group using the chi-square test for independence. In logistic regression analysis, odds ratios of each drinker group versus the nondrinker group for high hemoglobin A 1C were calculated before and after adjustment for age, history of smoking and body weight, BMI or waist-to-height ratio. Probability (p) values less than 0.05 were defined as significant.
Results
Comparison of Variables among the Alcohol Groups
Each variable was compared among the four alcohol groups ( table 1 ) . Ages of light, moderate and heavy drinkers were significantly higher than the age of nondrinkers. Percentage of smokers was significantly higher in moderate and heavy drinkers than in nondrinkers. Height was significantly larger in heavy drinkers than in nondrinkers. Body weight and BMI were significantly lower in light, moderate and heavy drinkers than in nondrinkers. Waist circumference was significantly smaller in light drinkers than in nondrinkers. Waist-to-height ratio was significantly lower in light and moderate drinkers than in nondrinkers. Hemoglobin A 1C was significantly lower in light, moderate and heavy drinkers than in nondrinkers. Hemoglobin A 1C was compared among the four alcohol groups of each quartile of age ( fig. 2 A) , body weight ( fig. 2 B) , BMI ( fig. 3 A) and waist-to-height ratio ( fig. 3 B) . In all quartile groups of age, body weight, BMI and waist-to-height ratio, hemoglobin A 1C was significantly lower in light, moderate and heavy drinkers than in nondrinkers, except for light drinkers in the 4th quartiles of all variables and in the 3rd quartiles of body weight and BMI.
Prevalence of High Hemoglobin A 1C in Each Drinker Group and Odds Ratio of Each Drinker Group versus the Nondrinker Group for High Hemoglobin A 1C
Prevalence of high hemoglobin A 1C was significantly lower in light, moderate and heavy drinkers than in nondrinkers ( table 2 ). Odds ratios versus nondrinkers for high hemoglobin A 1C were significantly lower than a reference level of 1.0 in light, moderate and heavy drinkers before and after adjustment for body weight, BMI or waist-to-height ratio in addition to age and history of smoking ( table 2 ) . There were no dose-dependent associations of alcohol intake with prevalence of high hemoglobin A 1C and with odds ratio versus nondrinkers for high hemoglobin A 1C ( table 2 ) . The values of age, body weight, BMI or waist-to-height ratio were arranged in ascending order, and then the subjects were divided into four groups of approximately equal sizes. Mean hemoglobin A 1C levels after adjustment for other variables were compared among the four quartile groups of each variable. The adjusted variables were history of smoking and BMI for quartiles of age, and age and history of smoking for quartiles of body weight, BMI and waist-to-height ratio. Mean values with standard errors are shown. Asterisks denote significant differences from the 1st quartile (p ! 0.01). Fig. 2 . Relationships between alcohol intake and hemoglobin A 1C in each quartile group of A age and B body weight. The values of age or body weight were arranged in ascending order, and then the subjects were divided into four groups of approximately equal sizes. Mean hemoglobin A 1C levels after adjustment for other variables were compared among the four alcohol groups in each quartile of age and body weight. The adjusted variables were age, history of smoking and BMI for quartiles of age, and age, history of smoking and body weight for quartiles of body weight. Mean values with standard errors are shown. Asterisks denote significant differences from nondrinkers (p ! 0.01). Prevalence, % 5. Odds ratios with their 95% confidence intervals in parentheses are shown. In addition to age and history of smoking, body weight (adjusted 1 ), BMI (adjusted 2 ) or waist-to-height ratio (adjusted 3 ) was adjusted for calculation of odds ratios for high hemoglobin A1C. Asterisks denote significantly different prevalence compared with nondrinkers or significant odds ratios of each drinker group versus the nondrinker group (*p < 0.05; **p < 0.01).
Discussion
This study demonstrated that the hemoglobin A 1C level became lower as the alcohol intake increased and that the prevalence of high hemoglobin A 1C was lower in drinkers than in nondrinkers. Although mean age was higher and BMI lower (both significantly) in drinkers than in nondrinkers, the association of alcohol intake with lower hemoglobin A 1C was not affected by controlling age and degree of obesity evaluated by BMI or waist-to-height ratio. Therefore, alcohol consumption is inversely associated with hemoglobin A 1C independently of age and degree of obesity. This study is the first study demonstrating obesity-independent association of alcohol with lower hemoglobin A 1C level. This finding is inconsistent with those of previous studies using Japanese subjects, in which increased risk of diabetes by alcohol drinking has been shown in slimmer men [14] [15] [16] . The reason for this discrepancy is unknown, but a possible explanation is a difference in frequency of drinking. In the present study, as mentioned in 'Participants and Methods', subjects in the drinker groups were regular drinkers who drank almost every day; opportunistic drinkers were excluded from the subjects. Interestingly, a previous study showed that frequency of alcohol consumption was inversely associated with incidence of diabetes and that the risk of diabetes compared with that in infrequent drinkers was reduced by 7% for each additional day per week when alcohol was consumed [21] . Moreover, frequency of alcohol consumption has been shown in a cross-sectional study to be inversely related to fasting C peptide and insulin concentrations [22] . Therefore, frequent alcohol drinking is expected to be associated with lower hemoglobin A 1C . Regarding age, an inverse relationship between moderate alcohol con- Relationships between alcohol intake and hemoglobin A 1C in each quartile group of A BMI and B waist-to-height ratio. The values of BMI or waist-to-height ratio were arranged in ascending order, and then the subjects were divided into four groups of approximately equal sizes. Mean hemoglobin A 1C levels after adjustment for other variables were compared among the four alcohol groups in each quartile of variables. The adjusted variables were age, history of smoking and BMI for quartiles of BMI, and age, history of smoking and waist-to-height ratio for quartiles of waist-to-height ratio. Mean values with standard errors are shown. Asterisks denote significant differences from nondrinkers ( * , p ! 0.05; * * , p ! 0.01).
sumption and incidence of diabetes has been found both in subjects less than 60 years of age and in those 60 years or older [23] . Coincidently, the inverse association between alcohol intake and hemoglobin A 1C was not affected by age of subjects in the present study.
Body weight and BMI have been reported to modify the relationship between alcohol consumption and blood pressure: Alcohol consumption was more strongly associated with higher blood pressure in persons with lower body weight and BMI than in those with higher body weight and BMI [24] . On the other hand, the associations of alcohol consumption with higher HDL cholesterol and lower LDL cholesterol were not influenced by body weight [25] . The present study showed that the association between alcohol consumption and lower hemoglobin A 1C was not influenced by body weight and BMI. Thus, the influence of body weight and BMI on alcohol-risk factor relationships varies depending on the risk factor.
Alcohol is known to improve insulin sensitivity, and this action of alcohol is thought to be responsible for the lower incidence of type 2 diabetes in light-to-moderate drinkers in comparison to nondrinkers [26] . In fact, light-to-moderate drinking has been shown to lower fasting insulin levels and increase insulin sensitivity [27] [28] [29] . Therefore, improvement of insulin sensitivity by alcohol is considered as a reason for the inverse association between alcohol consumption and hemoglobin A 1C .
There are some limitations of this study. This study was a cross-sectional study and could not reveal a causal relationship between alcohol and hemoglobin A 1C , for which further prospective studies are needed. Hemoglobin A 1C reflects long-term blood glucose level and is influenced by dietary calorie intake and physical activity. However, no information on diet, nutrition, and habitual exercise was available in this study. The socioeconomic situation could also be a possible confounder for the alcohol-hemoglobin A 1C relationship but was not included in the database used in this study. In addition, detailed information on type of alcohol beverage was not available in this study, although the type of alcohol consumed has been reported not to be a significant factor for the association between alcohol and diabetes [21] .
In conclusion, alcohol consumption is thought to be associated with lower hemoglobin A 1C level independently of age and degree of obesity. Regular alcohol drinking is thus suggested to reduce the risk of diabetes in both obese and non-obese people.
